In order to meet the demands of experimental minipigs for biomedical researches, we have aimed at cultivating grazing Chinese Wuzhishan (WZS) minipigs and trying to make them useful and affordable since the 1990s. After more than ten years of captive cultivation following sound management practices and a rigorous selection program for fertility and litter size, we established an outbred WZS minipigs colony with a core group (14 males and 30 females) and an expanding group (20 males and 40 females). In 2010-2013 periods, extensive background data of this colony were recorded and analyzed. This paper was written to provide pertinent information about outbred WZS minipigs for producers, users, and others concerned with WZS minipigs. It contains physical characteristics, growth performance, productive performance, hematology and blood biochemistry, microsatellite analysis, organ coefficients, and carcass properties. Results show that WZS minipigs have characteristics of small body size, slow growth rate, long life cycle, high reproductive rate, and maintaining original genetic diversity. All data present that outbred WZS minipigs are suitable laboratory animal and model animal.
Introduction
Minipigs, or sometimes potbellied pigs, are strains of domestic pigs that are markedly smaller than farmyard varieties. For their low economic traits, the selection and cultivation of minipigs were far behind domestic farm pigs. Because of anatomical and functional similarities to humans or because of availability of disease models, pigs begin to be used as research models in the field of skin, cardiovascular system, urinary system, and metabolic syndrome [1] [2] [3] , while the minipigs show a significant advantage over the domestic farm pigs for the reduced size which reduces the compound needs consequential prohibitive costs for the experiments and makes animals handling easier.
The cultivation of miniature pigs began in the 1940s, and more than 10 strains had been used in biomedical researches till the 1980s [4] . In Europe, the Göttingen minipig is the most popular breed used by pharmaceutical companies and contract research organizations. In the USA, strains of Yucatan mini-and micropigs, Sinclair minipigs, Minnesota Hormel minipigs, and Hanford minipigs are widely used today. Though these minipig strains are known as multispecies hybrid bred, their background information is clear and their hereditary stabilities are satisfied. China has rich resources of minipigs such as Chinese Wuzhishan (WZS) minipigs (Sus scrofa), Guizhou minipigs, Bama minipigs, and Tibet minipigs, but the laboratory animal work is far behind the developed countries. Compared with the strains used in developed countries, the Chinese origin minipigs are formed naturally with high genetic homozygosity and stable phenotype [5] , indicating that Chinese origin minipigs are more ideal as laboratory animals for biomedical researches.
WZS minipig is a special pig in China initially grazing in isolated tropical areas in Hainan. It was firstly found and preserved in the 1980s; after that, the laboratory WZS minipigs began to be cultivated [6] and used in biomedical researches [7, 8] . Nowadays, one WZS minipigs colony for 20 generations of inbreeding has been established with a high inbreeding coefficient (more than 0.965) [9, 10] . Here we will introduce the outbred WZS minipigs that have been cultivated since the 1990s. After more than ten years of phenotypic selection, downsizing cultivation, and microbiological standardization, we established an outbred WZS minipigs colony and highlighted its background data for its usefulness in modern laboratory animal science, especially for being suitable for long-term studies in which domestic swine breeds become too large. 
Material and Methods

Determination of Body Weight and Body Measurement.
Body weight (BW) and body measurements were determined monthly up to 12 months and then at the interval of 6 months for BW. BW was taken by weighbridge and body measurements were made using the tailor's tape measure.
Height-at-withers (HAW) was measured as the straightline distance from the withers to the base of the foot in a normal upright manner. Body length (BL) was measured as the distance from scapula to tail. Heart girth (HG), heart depth (HD), and heart breadth (HB) represented the circumference, straight-line distance, and horizontal distance of the chest posterior to the scapula, respectively. Abdomen girth (AG) showed the circumference of abdomen. Shank girth (SG) showed the circumference of the lower parts of the foreleg. Buttock-knee length (BKL) was measured from the most posterior point on either buttock to the anterior point of the knee. Buttocks breadth (BB) was measured as the horizontal distance between buttocks. Head length (HL) was measured from the distalmost dorsal point of the rhinarial pad to parietal. Forehead breadth (FB) was measured as the distance between the eyes. Jaw width (JW) was the distance between two mandibular angles. Caudal length (CL) was the distance from tail root to tail tip. Caudal girth (CG) was the circumference of tail root. [12] . The loci and grouping in multi-PCR were listed in Table 1 . Samples of ears or blood from 44 randomly selected animals were used.
Measures of Reproductive
Organ Coefficients and Carcass Properties.
The minipigs (females and castrated males) were slaughtered according to standard procedures. The internal organs were removed and weighed as described in rats [13] . After that, the organ coefficients were counted, which were relative (% of body weight) organ weights. 
Results and Discussion
Physical
Characteristics. Figure 1 shows the typical characteristics of outbred WZS minipigs. WZS minipigs have low body weight, slim body shape, and a small head with a long snout. Each trotter (foot) has four hoofed toes with the two larger central toes bearing most of the weight. The dental formula of adult pigs is the same as domestic pigs, giving a total of 44 teeth. The most common appearance of WZS minipigs is a black or brown body with white abdomen and legs and a white triangle on its forehead. Original WZS minipigs are normally active with sensitive response, while the temperament of outbred WZS minipigs tends to be gentle as domestic pigs. Detailed data on temperament and behaviour of outbred WZS minipigs will be evaluated and compared with original and inbred WZS minipigs in future studies.
Growth Performance
Body Weight.
The minipigs were weighed routinely at a month interval up to 12 months and then at the interval of 6 months. All data are shown in Table 2 . The body weights resemble Göttingen minipigs, the famous and widely used minipigs [15, 16] . The mean body weights of birth, 2 months old, 6 months old, and 12 months old are as follows: 0.57 ± 0.11 kg, 4.54 ± 1.66 kg, 12.11 ± 2.99 kg, and 26.21 ± 6.24 kg. The mean body weight of 6 months old is higher than that of WZS minipigs bred in original region (8.41 ± 2.13 kg) [17] , but it is lower than that of WZS minipigs bred in Beijing, nonoriginal region (13.43 ± 3.27 kg) [18] . It is also lower than other Chinese famous minipigs such as Guizhou minipigs [19] and Banna mini-and micropigs [19] . In Figure 2 , as age increases, the body weights show a rapid increase at the first year (12 months) and then increase slightly. Body weight data were further analyzed by the following nonlinear theoretical models as described previously [16] : logistic, Gompertz, Bertalanffy, and Richards. Though all the R 2 of nonlinear theoretical models are above 0.99, the Gompertz growth model is more suitable for our research for the maximum body weight drawing from Gompertz growth model is more practical (Figure 2 ). According to the Gompertz growth model, the maximum weight, inflection point of age, inflection point of body weight, and maximum daily increase of body weight are 45.82 kg, 230.11 d, 16 .86 kg, and 0.0883 kg, respectively. behavioral estrus sustains 4.18 ± 0.31 d. After fertilization, females will experience 113.0 ± 2.33 d gestation till parturition. Table 3 describes the main reproductive behavior parameters of female WZS minipigs.
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Litter Performance.
The overall litter characteristics of the present study are given in Tables 4 and 5 , and the differences in litter performances are also shown in them. In Table 4 , the effects on litter sizes caused by birth frequencies are illustrated. As birth frequencies increase, the total litter sizes at birth are increasing; however, the survival numbers at birth, 21 d, and weaning (about 45 d) show no differences between each other. The mortality observed is comparable to values reported by others, showing that the larger the litter size the greater the mortality. The effects of birth frequencies on litter weights and individual weights, analyzed by the analysis of variance (ANOVA), are shown in Table 5 . The litter weights show a small positive correlation with higher birth frequencies ( > 0.05), while these data provide no positive or negative correlations between birth frequencies and the individual weights at birth, 21 d, and weaning.
Hematology and Blood Biochemistry.
Hematology and blood biochemistry indices are important to animals for evaluation of their homeostasis and disease diagnosis. Tables  6 and 7 present the background data of hematology and blood biochemistry for outbred WZS minipigs aged from 2 to 12 months and this range of ages represents the main range encountered in toxicological and biological studies [2, 3, 20] . In 19 haematological and 12 blood biochemical parameters, only EO, BUN, CHOL, and TG show significant differences between male and female WZS minipigs. The main differences of haematological parameters between closed colony and inbred strain [21] focus on indices of hemoglobin and blood platelet, and there were 6 different indices of biochemical parameters. Table 8 . Student's t-test is employed to analyze the differences of organ weights and organ coefficients between males and females of the same age range. Only few organ weights of different aged animals show significant difference between males and females ( < 0.05); they are lung weight of animals aged 5-9 months and kidney weight of animals aged 10-15 months, but there was no significant difference for the organ coefficients ( > 0.05). Furthermore, the effects of age factor on organ weights and organ coefficients were analyzed by ANOVA. Results of ANOVA showed that organ weights increased significantly in accordance with the growths and increases of body weights ( < 0.0001); the organ coefficients of heart, liver, lung, and stomach decreased significantly with the growth of animals ( < 0.0001), but the decreases of spleen and kidney coefficients were not significant ( > 0.05). [23] had reported some pork characteristics of WZS minipigs based on 3 young 
Carcass Properties. Sun and Lu
Age, month 
<0.0001
Note: results of -test and comparisons between males and females of the same age ranges. * < 0.05.
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International Scholarly Research Notices Note: no significant differences were found between males and females by -test. Note: a meat sensory character was evaluated as described previously [11] . Meat color categories: 1, pale-purplish gray; 2, grayish pink; 3, reddish pink; 4, purplish red; 5, dark, purplish red. b Meat elasticity was classified to three levels: good, normal, and poor by hand pressing. c For meat marbling, score of 1 is devoid of fat and 10 has abundant marbling. and 3 adult minipigs [23] . In this study, we extensively determined the carcass properties of 11 adult WZS minipigs aged from 6 to 10 months. All detected carcass traits are shown in Tables 9 and 10 . According to Table 9 , there are no significant differences between males and females for all carcass properties. When compared to the same age range domestic pigs [24] , all the traits of WZS minipigs are significantly lower, indicating a lean-type pig. For males, the comparisons between WZS minipigs and Tibet minipigs in China [24] show that skin thickness, back fat thickness, bone percentage, and skin percentage of WZS minipigs are higher than those of Tiber minipigs. Besides the above traits, the eye muscle area of WZS minipigs is also higher than that of Tibet minipigs for females. Results of sensory characters in Table 10 demonstrate that WZS minipigs are of perfect meat color, meat elasticity, and less marbling.
Conclusion
In conclusion, we report the detailed biological characteristics of outbred WZS minipigs cultivated for more than ten years. Series of background parameters have been detected out and proved to be stable in outbred WZS minipigs. Reproductive performances show that sexual maturity of sow is earlier than domestic pigs. Growth performances demonstrate that WZS minipigs have downsizing body shape and low body weight. Microsatellite analysis reveals the high heterozygosity of WZS minipigs. Organ coefficients, hematology, and blood biochemistry indices are stable. These results indicate that outbred WZS minipigs are suitable laboratory animals and could be widely used in comparative medicine and bioresearches in future.
